To investigate the subcutaneous injection of carbon dioxide (CO 2 ) on neuropeptides Calcitonin Gene-Related Peptide (CGRP) and Substance P (SP) secretion in rat skin.
Introduction

Carboxytherapy is a technique originated in 1930 in
which carbon dioxide (CO 2 ) is injected through a needle into the subcutaneous tissue. It is estimated that it increases tissue circulation and oxygenation. Lesions caused by the gas trigger a local inflammatory process which results in tissue healing, represented by angiogenesis and fibrogenesis. These effects may occur due to an increase in capillary blood flow triggered by hypercapnia, by a decreased consumption of cutaneous oxygen or by a rightward shift of the oxygen (O 2 ) dissociation curve (Bohr effect) 1 . It is known that intranasal CO 2 may inhibit trigeminal neuronal activation (in rats) and suppress in vitro calcitonin gene-related peptide (CGRP) release 2 . Based on this assumption, the efficiency of intranasal noninhaled CO 2 was investigated in the treatment of seasonal allergic rhinitis (SAR) 3 .
Although the mechanism involved in the therapeutic effect of CO 2 on allergic rhinitis has not been examined, previous reports 2 associate the administration of CO 2 in buffered media to both neuronal and CGRP release inhibition, probably due to the inhibition of calcium channels activities and subsequent increase in intracellular calcium. Activation of trigeminal nerves was related to SAR pathogenesis, followed by mast cell The animals were weighted and randomly distributed For sample exeresis, all animals were submitted to painless assisted death by anesthetic overdose (five times the posology dose), followed by section of the great cervical vessels.
In Subgroup 1, the partial skin sample was removed 60 minutes after hair removal (waiting time for animals from all subgroups to conduct experimental procedures). However, in After development of films, the membranes were washed and submitted to new labeling with antibody to beta-actin in order to normalize protein values. To do so, the membranes were incubated with primary antibody against beta-actin diluted at 1:30.000 (Sigma, USA) in TBS-T with 1% Bovine Serum Albumin (BSA) for 1 hour at room temperature, then washed twice for 10 minutes with TBS-T and incubated for 45 minutes at room temperature with the secondary antibody (anti-rabbit, HRP-conjugated, Amersham) diluted at 1:10.000 in TBS-T with 1% BSA. After these incubations, the membranes were washed as previously described, which was followed by reaction and film developing 11 . The films were quantified by optical densitometry using an image analyzing system, as described by Chadi et al. Samples were diluted in lysis buffer to obtain 60 µg in 25 µL of buffer. They were then denatured at 100 ºC for 3 minutes and applied to the 12 % polyacrylamide gel wells for separation.
Five µL of molecular weight marker were applied to one of the small wells (Kaleidoscope, pre-colored, Bio-Rad, USA). The running buffer was prepared with trisma (25 mmol/L), glycine an outlier was noted at the sample, which was considered as it didn't affect the study's result. 
Discussion
There is arteriolar vasodilation with formation of a papule and erythema in neurogenic inflammation. Any damage or stimulus to the skin may trigger neurogenic inflammation. Exudation of plasma and neurogenic vasodilation may be inhibited by blocking the nerve impulse and its conduction, mast cell stabilization, blocking capsaicin receptors, blocking ionic channels, with use of anti-inflammatory steroids, depletion of neurotransmitters and pre-synaptic inhibition 12 .
Due to the importance of CGRP and SP neuropeptides in the skin, this study aimed at investigating the influence of carbon dioxide (CO 2 ) on the release of these neuropeptides, which helps clarify the mechanisms leading to the increase in vascular perfusion by CO 2 .
Neuropeptides are easily released by nerve endings, and their availability standard in skin and cell internalization are not studied enough 13, 14 . Therefore, the process of hair removal could be a decisive factor of cutaneous neuropeptide release, since the removal of hair by any method also implies microtraumas on the animal's skin.
Since there are no studies in the literature determining the degradation time of neuropeptides in the interstitium of the skin, a pilot study was necessary to determine how long these substances take to return to physiological concentrations in the skin after hair removal. SP and CGRP return to basal values in up to 60 minutes after the generation of a single stimulus. A 60-minute time was thus established for the beginning of the experiment after hair removal, when concentrations of both neuropeptides had already been undoubtedly in physiological levels. Neither Drucker et al. 15 nor Rajkovic et al. 16 claimed waiting for any period of time after hair removal, which could represent a bias in neuropeptide quantification in the skin.
Regarding gas injection, another pilot study was necessary (non-published data) to determine the time for detecting SP and CGRP neuropeptides in rat skin after CO 2 and Atmospheric air injection. Accordingly, to determine the moment of sacrificing and removal of partial skin, a specific waiting time was established for each neuropeptide group: 14 minutes for SP and 21 for CGRP.
For CO 2 application, this study used the subcutaneous injection technique because according to a previous study, this technique promoted greater cutaneous distension and less resistance to needle puncturing than the intradermal application technique. This corroborates the findings of Ferreira et al.
17
, which emphasize the need for research to compare intradermal and subcutaneous injections, as well as to define the volume of gas used and the frequency of treatment sessions. In this study, a 80 ml/min flow for 10 seconds was standardized, in a single point and using a hypodermic needle at 90 degrees from the skin.
The experimental model used the rat's dorsal region, which is 900 to 1.000 µm thick and has abundant hair follicle above 500 µm deep. According to Rajkovic et al. 16 
Conclusion
Subcutaneous injection of CO 2 and atmospheric air decreased the amount of Substance P and pro-Calcitonin GeneRelated Peptide (15 kDa) neuropeptides in rat skin.
